We investigated whether chronic stress applied from prepuberty to full sexual maturity interferes with spermatogenic and androgenic testicular functions. Male Wistar rats (40 days old) were immobilized 6 h a day for 60 days. Following immobilization, plasma concentrations of corticosterone and prolactin increased 135% and 48%, respectively, while plasma luteinizing hormone and testosterone presented a significant decrease of 29% and 37%, respectively. Plasma concentration of follicle-stimulating hormone was not altered in stressed rats. Chronic stress reduced the amount of mature spermatids in the testis by 16% and the spermatozoon concentration in the cauda epididymidis by 32%. A 17% reduction in weight and a 42% decrease in DNA content were observed in the seminal vesicle of immobilized rats but not in its fructose content. The growth and secretory activity of the ventral prostate were not altered by chronic stress. 
Introduction
Although short-or long-term immobilization is stressful to laboratory animals, the magnitude of the response depends on the intensity and duration of the stimulus (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Experiments are in progress in our laboratory using a model of aversive stimulation -6 h of daily immobilization -to investigate the effects of stress on the onset of puberty in male rats. When applied from prepuberty (40 days of age) to early puberty (55 days of age) the stressful stimuli significantly decreased plasma luteinizing hormone (LH) concentration but caused a marked increase in plasma testosterone; a lower extent of testicular maturation was also found in pubertal stressed animals (Almeida SA, Petenusci SO, Anselmo-Franci JA, Rosa e Silva AAM and Lamano Carvalho TL, unpublished results).
The purpose of the present study was to investigate the progression of these reproductive disorders by examining the effects of stress-induced immobilization, applied from prepuberty, on spermatid production, noiselessness throughout the experiment.
Stressed and control rats were killed by decapitation in the morning after the last stressing session. Trunk blood was collected into heparinized tubes and plasma was separated by centrifugation and stored at -20 o C for hormone determinations. Testosterone (T), prolactin (Prl), LH, and follicle-stimulating hormone (FSH) were measured by double-antibody radioimmunoassay as described by Zanato et al. (12) . A commercial kit (Coat-A-Count Rat Corticosterone, DPC -Diagnostic Products Corporation, Los Angeles, CA) was used to measure plasma corticosterone.
The seminal vesicle and ventral prostate were removed, weighed and stored at -20 o C for colorimetric measurements of DNA and fructose (13) . The sperm suspension was collected from the cauda epididymidis for evaluation of spermatozoon concentration, as described by Kempinas and Lamano Carvalho (14) .
The testes were removed, weighed and immersed in Alfac fixing solution (85% ethanol 80º, 10% formaldehyde and 5% glacial acetic acid) for 24 h. Seven-µm thick equatorial paraffin sections were stained with hematoxylin and eosin for histological and histometric analysis. Spermatid production was estimated by the amount of spermatids in the maturation phase (stages 15 to 18 of spermiogenesis, identified according to Ref. 15) counted in 10 seminiferous tubule crosssections per animal.
The results were analyzed statistically by the non-parametric Mann-Whitney test.
Results
Sixty days of immobilization markedly increased plasma corticosterone (135%) and Prl (48%) concentrations. Plasma LH and T decreased by 29% and 37%, respectively, following chronic stress, while no significant change was observed in plasma FSH (Table 1) . spermatozoon concentration in the cauda epididymidis and on the accessory sex glands of adult rats.
Material and Methods
Male Wistar rats were submitted to immobilization from prepuberty (40 days of age) to full sexual maturity (100 days of age). The phases of sexual development were established according to Zanato et al. (12) . The animals were housed four to a cage in plastic boxes (40 x 32 x 17 cm) under controlled environmental conditions (12-h light period starting at 8:00 h, temperature 23 ± 2 o C). Laboratory chow and tap water were given ad libitum.
The animals (N = 8) were immobilized inside plastic tubes dimensioned to produce stress without promoting pain (4.5 cm in diameter x 15.5 cm long up to 55 days of age; 5.0 cm in diameter x 25.5 cm long up to 100 days) for 6 h a day over a period of 60 days. Control rats (N = 8) were left undisturbed in their cages. Undesirable stress was avoided as much as possible by gentle handling and No change was observed in the testicular weight (1.77 ± 0.03 g in control and 1.69 ± 0.05 g in immobilized rats) or in the gross histological features. However, a significant decrease in spermatid production was demonstrable by histometric evaluation, which revealed a 16% decline in the amount of maturing spermatids per seminiferous tubule cross-section. A 32% decrease in the concentration of spermatozoa stored in the cauda epididymidis was also observed in stressed rats (Figure 1 ).
Immobilization caused a significant reduction in seminal vesicle weight (17%) and DNA content (42%) but not in in its quantity of fructose. Ventral prostate growth and secretory activity were not altered ( Table 2 ).
Discussion
Stress caused by chronic immobilization was confirmed by a significant rise in plasma corticosterone. Literature data have shown that frequent stimulation with a low-intensity stressor often leads to habituation of the hypothalamic-pituitary-adrenal axis, while lower frequency and/or high-intensity stimuli can promote an exaggerated response (16) . A recent review (17) summarizes the role of the hippocampus in the control of a variety of vegetative functions, such as ACTH secretion, and provides evidence that repeated restraint stress can promote hippocampal atrophy. Considering the inhibitory role of the hippocampus in glucocorticoid synthesis, stress-induced dendritic atrophy may have contributed to high corticosterone levels following prolonged immobilization.
Plasma Prl is also expected to increase in response to stress (18, 19) , but the response is usually of short duration because of the suppressive effect of the concomitant increase in adrenal glucocorticoids (18) . In the present study, however, Prl remained elevated above control levels even 24 h after the last episode of repeated exposures to the stressor.
Our results support literature data showing no significant change in plasma FSH (7) and a decrease in plasma LH (7,9,10) after chronic immobilization of male rats. The stress-induced decrease in LH has been attributed to inhibition of gonadotropin releasing hormone (GnRH) secretion (10) .
In the present study, immobilization of male rats from prepuberty to sexual maturity caused a significant decrease in T secretion. The inhibitory effect of chronic immobilization on plasma T has been a common finding in adult rats (5-7,10,11) attributed to reduced LH concentration (7, 20) . The precise mechanism of the inhibitory effect of prolonged stress on plasma T, however, is not fully understood since the changes in androgenic response are not always associated with altered LH levels (8, 11, 21) . It was suggested that restraint stress may induce Leydig cell hyposensitivity to gonadotropin leading to a blockade of T biosynthesis at normal LH levels (21) . More recent data have shown that increased glucocorticoids may act via glucocorticoid receptors on Leydig cells, thus suppressing the testicular response to gonadotropins (11) . The proopiomelanocortin (POMC)-derived peptides may also play an autocrine/paracrine role in mediating the stress-induced decline in testicular steroidogenesis (8) .
In contrast to the considerations discussed above, studies under way in our laboratory have shown an increase in T concentration in early pubertal rats submitted to chronic immobilization from prepuberty (Almeida SA, Petenusci SO, Anselmo-Franci JA, Rosa e Silva AAM and Lamano Carvalho TL, unpublished results), indicating that the stressful stimulus probably acts in a different way on the gonadal axis during distinct phases of sexual development. Sympathetic innervation seems to modulate androgen biosynthesis, particularly at prepuberty and early puberty. Previous studies from our laboratory dealing with the effects of chemical sympathectomy showed decreased steroidogenesis in prepubertal and early pubertal, but not in adult rats, at normal LH levels, and suggested that adrenergic stimulation plays a pivotal role in testicular steroidogenesis around the onset of puberty (22) (23) (24) . If so, and since immobilization induces a significant rise in plasma epinephrine and norepinephrine levels (6), a sympathetic overstimulation might explain the increased T levels observed in pubertal stressed rats.
No change was observed in testicular weight or gross histological features after immobilization from prepuberty to sexual maturity; however, a significant decrease in both the production of maturing spermatids and concentration of spermatozoa in the cauda epididymidis was observed. The decreased androgenic status of stressed rats may be responsible, at least in part, for depressing spermatogenesis, since the stimulatory action of both FSH and T is needed to initiate and maintain the process (15) . In addition to the hormonal control, local regulatory interactions occur between all testicular cell types (interstitial, peritubular myoid, germ and Sertoli cells) and these cell-cell communications, involving growth factors and POMC peptides, mediate the cell growth and differentiation required for the initiation and maintenance of spermatogenesis (25) . The stressful stimulus may have also interfered with elements of this elaborate paracrine control, impairing the spermatogenic process.
Although chronic immobilization did not disturb prostate growth or secretory activity, the seminal vesicle became atrophied. The atrophic seminal vesicle of stressed rats might be a consequence of decreased T secretion, in addition to high Prl levels, since the growth and secretory activity of male accessory glands are under the main control of testicular androgens and Prl (26, 27) . There are, however, clear differences between the glandular response to androgens in distinct phases of sexual development: the prostate of peripubertal rats seems to be particularly responsive to testosterone when compared to younger or sexually mature animals, while the seminal vesicles showed decreasing responsiveness with increasing ages (28) . Prl acts both independently and in synergy with T by intensifying the growth-promoting influence of androgens. However, while a normal circulating Prl level is essential for male reproductive functions, high levels produce adverse effects including glandular atrophy (26, 29) .
In conclusion, immobilization-induced stress applied from prepuberty decreased spermatid production and spermatozoon concentration in the cauda epididymidis of adult rats. In contrast to the findings in pubertal rats (Almeida SA, Petenusci SO, Anselmo-Franci JA, Rosa e Silva AAM and Lamano Carvalho TL, unpublished data), however, T secretion decreased in sexually mature stressed animals. Thus, besides the intensity and duration of the stressful stimulus, the phase of sexual development should also be taken into account in studies of the reproductive responses to stress.
